Abstract. Type III procollagen (amino-terminal propeptide of procollagen type III) and type IV collagen are considered to be reliable serum markers for monitoring the progression of liver fibrosis. The peritoneal dissemination of gastric cancer is also characterised by abundant collagen deposition in the peritoneum. The present study was performed to investigate the potential of serum type III procollagen and IV collagen as biomarkers for peritoneal dissemination in gastric cancer. The study population consisted of 117 patients with gastric cancer: 32 patients had peritoneal dissemination which was pathologically diagnosed by laparotomy or laparoscopic examination, while 85 patients (45/40, early/advanced gastric cancer) had no peritoneal dissemination. We measured the serum levels of type III procollagen and type IV collagen in comparison to the commonly accepted tumor markers carcinoembryonic (CEA), carbohydrate antigen (CA)19-9 and CA125. The median type III procollagen levels showed no significant differences between the two groups, whereas the median type IV collagen levels were significantly (201 ng/ml) higher in patients with than in those without peritoneal dissemination (early/advanced gastric cancer, 124/136 ng/ml) (P<0.05). In receiver operating characteristic (ROC) curve analysis, type IV collagen had the largest area under the curve (0.83), followed by CA125 (0.72), CA19-9 (0.64), CEA (0.59) and type III procollagen (0.48). Type IV collagen was an independent marker (P<0.0001, odds ratio 15.7) for predicting peritoneal dissemination along with CA125 (P=0.0086, odds ratio 9.4) based on multivariate logistic regression. In conclusion, serum type IV collagen levels may be significant in the early detection and management of patients with peritoneal dissemination of gastric cancer.
Introduction
Gastric cancer is the fourth most common type of cancer and the second leading cause of cancer-related death worldwide (1) . Peritoneal dissemination is a common finding and the most frequent site of recurrence in gastric cancer; it is associated with a poor prognosis even after curative resection (2) (3) (4) . In recent years, certain reports have focused on the efficacy of chemotherapy for peritoneal dissemination (5) (6) (7) (8) (9) . Staging laparoscopy is currently the most sensitive method for detecting peritoneal dissemination and minimising the possibility of unnecessary laparotomy (10, 11) . However, it is often extremely difficult to make a decision regarding indications and timing in performing laparoscopy in preoperative diagnosis and during postoperative monitoring. Although computed tomography (CT) is a diagnostic modality for the detection of peritoneal metastasis in conventional imaging study, CT has a limited capacity for revealing peritoneal metastasis unless the disease has progressed sufficiently to cause obstruction of the intestinal, biliary or urinary tract (12) (13) (14) . High-speed spiral CT showed a sensitivity of only 47.4% in patients with peritoneal dissemination of abdominal malignancies (15) .
Therefore, it is necessary to identify an ideal molecular marker with which to determine the optimum time for staging laparoscopy so as not to retard chemotherapy due to the inevitable delay in detection. Such a marker is expected to be less invasive and easily monitored, for example by a simple blood test. Carbohydrate antigen (CA) 125 has been investigated for putative diagnostic value, but its utility as a screening marker is limited due to its low sensitivity (16) .
Peritoneal dissemination in gastric cancer is characterised by abundant collagen deposition in the peritoneum (17) , resulting in various severe complications such as ileus, hydronephrosis and obstructive jaundice. The mechanism proposed for the formation of this desmoplastic stroma is the apparent increase caused by the accumulation of the preexisting matrix or synthesis by neoplastic cells themselves. In the liver, extracellular matrix components, the amino-terminal propeptide of procollagen type III (type III procollagen) and type IV collagen are considered to be reliable serum markers of active fibrogenesis and are used clinically to assess the progression of fibrosis (18) (19) (20) .
The present study was performed to investigate whether the progression of peritoneal metastasis in gastric cancer is accompanied by such changes in collagen-and basement membrane-related metabolites in serum, as well as whether these metabolites are useful in the diagnosis of disease progression in clinical practice. The serum levels of type III procollagen and type IV collagen were examined in gastric cancer patients with and without peritoneal dissemination. Additionally type III procollagen and IV collagen were compared to commonly accepted tumor markers, such as carcinoembryonic antigen (CEA), CA19-9 and CA125. Findings of this study showed that type IV collagen can be used as a serum marker for peritoneal dissemination in gastric cancer.
Materials and methods
Patients and serum samples. Serum was obtained at the time of diagnosis with informed consent according to our Institutional review Board-approved guidelines. A total of 117 serum samples were obtained from patients with pathologically confirmed gastric adenocarcinoma, all of whom underwent surgical treatment or laparoscopic examination at the department of Gastroenterological Surgery of Kanazawa university Hospital between 2004 and 2008.
Inclusion criteria for the study involved patients with a confirmed diagnosis of gastric adenocarcinoma and the provision of written informed consent. Exclusion criteria included inability to provide informed consent, patients with chronic hepatitis or liver cirrhosis, to eliminate false-positive results, and patients with other malignancies diagnosed or treated within the last 5 years.
of the 117 patients included in this study, 32 (27.3%) had peritoneal dissemination (17 male, 15 female; mean age 57 years, range 28-80). All of the patients underwent laparotomy (n=7) or laparoscopic examination (n=25) to pathologically confirm the peritoneal dissemination of gastric cancer. Based on the laparotomy findings, 85 of the 117 patients (72.6%) had no peritoneal dissemination. These patients were divided into two groups based on pathological findings: 40 patients (34.1%) in the advanced gastric cancer group (23 male, 17 female; mean age 68 years, range 47-78) and 45 patients (38.6%) in the early gastric cancer group (22 male, 23 female; mean age 67 years, range 50-75). Staging was carried out according to the classification of the Japanese Endoscopic Society, in which the distribution of early gastric cancer was defined as a T1 tumor (tumor invasion of mucosa or submucosa) (21) .
Samples were centrifuged after collection and stored at -70̊C until the assays were performed. The samples were labelled with a unique identifier to protect the confidentiality of the patients. none of the samples were thawed more than twice before analysis.
Biochemical assays. CEA and CA19-9 levels were measured by a counting immunoassay using a Ranream CEa kit (TOa medical Electronics Co., Kobe, Japan) and a ranream CA19-9 kit (Toray-Fuji Bionics, Tokyo, Japan). CA125 analysis was performed using a Cobas Core CA125 enzyme-immunoassay analysis kit (roche, Basel, Switzerland). The serum type III procollagen level was determined using a commercial rIA kit (Behringwerke AG, marburg, Germany), and type IV collagen concentration was determined by ElISA using a commercial kit (Fuji Chemical Ind., Tokyo, Japan). Each sample was assessed in triplicate. The cut-off values of CEA, CA19-9 and CA125 were set according to the manufacturer's instructions (6.5 ng/ml, 37 u/ml and 35 u/ml, respectively).
Statistical methods.
A comparison between the quantitative variables was performed using the mann-Whitney u test. The diagnostic accuracy of each of the candidate biomarkers was evaluated using receiver operating characteristic (roC) curve analysis, which correlates true and false-positive rates [sensitivity and (1 -specificity)]. In addition, the differences in the area under the curve (AuC) values were determined. The optimal cut-off point for type IV collagen was selected based on the roC curve analysis. Sensitivity, specificity, positive and negative predictive values were calculated using a 2 x 2 table of the collected data. multivariate logistic regression for the odds ratio was used to assess the simultaneous contribution of each covariate in the multivariate analysis. In all analyses, P<0.05 was considered to be statistically significant. Statistical analyses were carried out using SPSS ® v12.0 software.
Results

Serum levels of type III procollagen and type IV collagen.
The median serum type III procollagen levels in the early and advanced gastric cancer groups were 0.55 and 0.62 u/ml, respectively. The corresponding value in patients with peritoneal dissemination was 0.68 u/ml. no significant differences were noted in the median serum type III procollagen levels among the three groups (Fig. 1) . In contrast, the median serum type IV collagen level was significantly higher in patients with peritoneal dissemination (201 ng/ml) in comparison with the early gastric cancer patients (124 ng/ml) and advanced gastric cancer patients (136 ng/ml) (P<0.05) (Fig. 2) . Figure 1 . Individual serum levels of type III procollagen in early and advanced gastric cancer patients and patients with peritoneal dissemination. no significant differences were found in the median serum type III procollagen levels among the three groups. n.S., not significant.
ROC curve for the diagnosis of peritoneal dissemination.
To evaluate the performance of type III procollagen and IV collagen as a diagnostic test, roC curves were generated as shown in Fig. 3 . The diagnostic accuracy of the test is expressed by the AuC. Among the individual markers, type IV collagen had the largest AuC (0.83), followed by CA125 (0.72), CA19-9 (0.64), CEA (0.59) and type III procollagen (0.48). Although no significant difference was found between the AuC values of type IV collagen and CA125 (P=0.15), the AuC value of type IV collagen was significantly higher than those of CA19-9, CEA and type III procollagen (P<0.02-0.00001). These observations suggested that type IV collagen is a more useful marker for predicting peritoneal dissemination than type III procollagen.
The correlation between the levels of type IV collagen and CA125 was investigated. The data showed no correlation between these markers with a coefficient (r 2 ) of 0.06 (Fig. 4) . This result suggested that serum type IV collagen is useful as a serum marker for peritoneal dissemination involving a different mechanism than that responsible for the elevation of CA125.
The correlations between the levels of other markers were also investigated, but no significant correlations were observed (data not shown).
With regard to type IV collagen, the best compromise between true and false positives was achieved by a threshold of ~170 ng/ml according to the roC curve analysis. Table I shows the performance of the biomarkers for the diagnosis of peritoneal dissemination in gastric cancer. For type IV collagen, a cut-off value of 170 ng/ml was used in this investigation. The sensitivity of type IV collagen was much higher than that of the other markers. The specificity and positive predictive values of CA125 were higher than those of type IV collagen. The highest negative predictive value was observed for type IV collagen. Type IV collagen, CA19-9 and CA125 significantly predicted peritoneal dissemination in the univariate analyses. Based on multivariate logistic regression, type IV collagen and CA125 independently predicted peritoneal dissemination. The odds ratios for type IV collagen and CA125 were 15.667 (95% CI, 5.534-44.312) and 9.435 (95% CI, 1.765-50.459), respectively (Table II) .
Comparison of biomarkers for the diagnosis of peritoneal dissemination.
Association between type IV collagen and the size of the primary tumor.
The correlation between the size of the primary tumor and serum type IV collagen levels in patients with early and advanced gastric cancer was analysed. As . receiver operating characteristic (roC) curves of type IV collagen, type III procollagen, CEA, CA19-9 and CA125 for the diagnosis of peritoneal dissemination in gastric cancer. roC curves were derived by plotting the relationship between the specificity and sensitivity at various cut-off levels. The diagnostic accuracy of the test is expressed by the area under the curve (AuC). Among the individual markers, type IV collagen had the largest AuC (0.83), followed by CA125 (0.72), CA19-9 (0.64), CEA (0.59) and type III procollagen (0.48). . Scatter plot for serum type IV collagen and serum CA125. no correlation was noted between the serum type IV collagen and serum CA125 levels (coefficient, r 2 =0.06). Serum type IV collagen may behave as a serum marker for peritoneal dissemination in gastric cancer involving a different mechanism than that of CA125.
shown in Fig. 5 , no correlations were found between the size of the primary tumor and serum type IV collagen levels with coefficients (r 2 ) of 0.03 in early gastric cancer and 0.06 in advanced gastric cancer.
Type IV collagen in patients with scirrhous gastric cancer.
The serum type IV collagen levels were measured in patients with scirrhous gastric carcinoma, which is characterised by increased fibrous stroma in the primary tumor (n=3). As shown in Fig. 6 , the median serum type IV collagen level in patients with peritoneal dissemination (238 ng/ml, 142-600 ng/ml) was significantly higher than in patients without peritoneal dissemination (140 ng/ml, 67-268 ng/ml). The results suggested that serum type IV collagen levels are closely related to the process of peritoneal dissemination. Sd, standard error; or, odds ratio; CI, confidence interval; CA, carbohydrate antigen. Figure 6 . Serum levels of type IV collagen in patients with scirrhous gastric cancer, characterized by increased fibrous stroma in the primary tumor. The median type IV collagen level in patients with peritoneal dissemination was significantly higher than that in patients without peritoneal dissemination (p<0.05).
Discussion
Extracellular matrix components, particularly type III procollagen and IV collagen, have been used as indirect fibrogenesis markers in various chronic liver diseases, such as haemochromatosis, viral hepatitis and alcoholic liver disease. These components are reported to be useful indicators of collagen matrix turnover in other diseases, such as interstitial pneumonia, cardiomyopathy, diabetic nephropathy and systemic sclerosis which are characterised by the accumulation of collagen in the organs (22) (23) (24) (25) . Furthermore, elevation of the extracellular matrix components in body fluid was confirmed in patients with carcinomas, including stomach, lung, liver, colon and breast (26) (27) (28) . Akazawa et al reported that the serum levels of type III procollagen in scirrhous gastric cancer patients were elevated above normal values (29) . korenaga et al also reported that type IV collagen levels in peritoneal lavage in patients with peritoneal dissemination of gastric cancer were significantly higher than patients without peritoneal dissemination (30) . In the present study, the serum levels of type IV collagen were significantly higher in patients with than in those without peritoneal dissemination. no significant differences were found in the serum type III procollagen levels between the two groups of patients. The most significant criterion for tumor markers is the sensitivity/specificity diagram roC curve (31) . The area under the ROC curve indicates the clinical usefulness of a tumor marker, and a larger auC corresponds to a more favorable tumor marker. In this study, type IV collagen had the largest AuC of the individual markers. We used a cut-off point of 170 ng/ml for type IV collagen in the roC analysis. The sensitivity and negative predictive values of type IV collagen were much higher than those of other conventional markers, but were lower than those of CA125. multivariate analysis indicated that the serum type IV collagen level was an independent predictive factor for peritoneal dissemination. To the best of our knowledge, this is the first study of serum type IV collagen elevation in gastric cancer patients with peritoneal dissemination.
The present study showed that CA125 is more useful than the conventional biomarkers CEA and CA19-9. Since no significant correlation was noted between the serum levels of type IV collagen and CA125 and these markers were independent predictive factors in multivariate analysis, it is possible that a combination assay with type IV collagen and CA125 may be more useful in the improvement of diagnostic parameters for the detection of peritoneal dissemination.
Subsequently, we investigated whether serum type IV collagen levels were affected by fibrosis in the primary tumor. no correlation was found between the size of the primary tumor and serum type IV collagen levels. moreover type IV collagen levels were significantly higher in patients with than in those without peritoneal dissemination, even in cases of scirrhous gastric cancer, which is characterised pathologically by abundant fibrous stroma. The results suggested that the elevation of serum type IV collagen is not affected by the primary tumor, and may be a specific predictor of peritoneal dissemination. Although the precise mechanism remains unclear, we speculated that such changes in type IV collagen in reaction to peritoneal dissemination result from the destruction of the basement membrane in the peritoneum. Type IV collagen is a significant component of the basement membrane, a physical barrier that prevents cancer cells from invading the underlying stroma (32, 33) . Previous studies supported the importance of increased proteolytic degradation of the extracellular matrix composed of interstitial matrix and basement membrane in the process of tumor invasion and metastasis (32) (33) (34) (35) (36) . matrix metalloproteinases (mmPs) are a family of highly conserved zinc-and calcium-dependent extracellular enzymes involved in the modification of the extracellular matrix (34) (35) (36) . A number of studies demonstrated enhanced the tissue expression of mmP2 and 9. These mmPs are known to degrade type IV collagen and gelatine in the basement membrane in a number of malignant tumors (37) (38) (39) . With regard to peritoneal dissemination, it was reported that the up-regulation of mmP2 in ovarian cancer cells is critical for their adhesion to the mesothelial lining of the peritoneum and omentum (40) . In addition, Sun et al reported that type IV collagenase (mmP2/9) activity was increased in malignant ascites, including gastric cancer (41) . Given these findings, it was speculated that the presence of type IV collagen in serum is related to the destruction of the basement membrane during the process of metastasis. on the other hand, type III procollagen, which is a type of fibrillar collagen, is present particularly in tissues exhibiting elastic properties, such as skin and blood vessels, and is identified in the fibrous stroma in the primary tumors of gastric cancer (42) . It appears likely that type III procollagen is less affected by the destruction of the basement membrane in this situation.
The present study suggested that an analysis of the type IV collagen level improves diagnostic accuracy in cases of peritoneal dissemination in gastric cancer. laparoscopic examination may be performed prior to chemotherapy in patients with suspected peritoneal dissemination detected based on serum type IV collagen level. Therefore, the appropriate treatment may be selected to maximise the benefit of therapy at the time of exploration. In conclusion, the serum type IV collagen level is a potentially useful novel biomarker for the peritoneal dissemination of gastric cancer. Studies in larger numbers of patients using repeated measurements of type IV collagen should be performed in order to evaluate the prognostic value of this procedure for peritoneal dissemination in gastric cancer.
